50                 EFFECTS OF EXPOSURE TO LOW LEVELS OF IONIZING RADIATION

excess risks (2%) could easily be biased by confounding, misclassificatidn,
or selection effects. Epidemiologists generally agree that excess risks of less
than 50% are difficult to interpret causally (Br80). In practice, therefore,
it is necessary to obtain risk estimates by extrapolation from smaller and
less homogeneous groups who have been exposed to larger doses by using
statistical dose-response models.

The second problem is that there are many other factors that are
known to contribute to cancer risks or to modify the effects of radiation on
cancer risks, and these factors need to be taken into account. While it is
theoretically possible to control for such factors by cross-classifying the data
into subgroups that are homogeneous with respect to all relevant factors, it
is again unlikely that sufficiently large subgroups will be available to allow
for stable estimates, particularly if the number of factors is large. For
investigating lung cancer, for example, it might be necessary to control for
sex, age, time since exposure, and smoking habit; if four levels were used
for grouping each factor other than sex, a total of 128 subgroups would be
needed, each of which would need to be the minimum size if risk estimates
specific to each group were to be observed directly. Since this is not
generally feasible, it is necessary to rely on multivariate statistical models
to identify the consistent patterns across the variables simultaneously and
to predict the risks for subgroups in which the sample sizes are inadequate.

The third problem is that direct estimates of lifetime risk can only
be obtained after an exposed population has been followed for a lifetime.
Few populations have been followed so long, and even the atomic-bomb
survivors, one of the populations followed for the longest period, has been
followed only for just over 40 years. As the risks for many cancers in this
population are still elevated, it is an open question whether the excess
risk will continue for the remainder of the population's life and, if so,
at what rate. It is not appropriate to wait until follow-up is complete,
however, since interim estimates of risk are needed now for public health
purposes. Again, to provide such estimates, one must fall back on statistical
models that adequately describe the data available so far and the range of
uncertainty around them.

Epidemiologic data have increasingly been called on to help resolve
claims for compensation by exposed individuals. Because a radiation-
induced cancer is clinically indistinguishable from cancers caused by other
factors, such claims must be settled on the "balance of probabilities,"
in other words, by determining what was the most likely cause, given
the individual's history of exposure to radiation, and taking into account
confounding and modifying factors. The calculation of these probabilities
of causation depends on the availability of suitable multivariate exposure-
response models. A recent National Institutes of Health working group